expressed the rat erbB2 under the control of an ␣-myosin heavy chain (␣-MHC) promoter. When the transgenic mice were crossed into an erbB2 null background, the rescued erbB2 null embryos formed cardiac trabeculae and survived to birth. However, due to the loss of innervation within the diaphragm muscle, the rescued mice were stillborn. Examination of the PNS in the rescued mutant embryos demonstrated a severe loss of both sensory and motor neurons and a complete absence of Schwann cells precursors in the peripheral nerves. These results demonstrate that erbB2 is required for normal development of the peripheral nervous system.
Results

Rescue of Cardiac Defect
Several lines of transgenic mice carrying the rat erbB2 cDNA under the control of a 5.5 kb cardiac-specific ␣-myosin heavy chain promoter (Subramaniam et al., 1991) were established ( Figure 1A ). RNase protection assays showed low levels of transgene expression detected in line #924, but not in line #922 ( Figure 1B ). Transgenic mice transmitted the transgene in a Mendelian fashion and exhibited no overt phenotype. Mice from line #924 were bred with erbB2 heterozygote mutants to produce heterozygous erbB2 mutant mice carrying the transgene, which were then intercrossed. As shown in Table 1 , only homozygote mutant animals, which also contained the transgene, survived to birth. Western blot analyses showed that rat erbB2 protein expression in the heart was increased in rescued mutant embryos determine whether the reduced size in the DRG was due to increased cell death, E14.5 sections were labeled using a TUNEL assay and counterstained with anti-neumutant spinal cords ( Figure 2G ). However, at E18.5 the number of motor neurons in mutant spinal cord was rofilament 150 (␣-NF150) antibodies. A significant number of apoptotic cells were detected in the mutant DRG 70% less than those counted in the wild-type spinal cord ( Figure 2G ). Thus, a severe loss of both sensory ( Figures 2C and 2D ), yet not all TUNEL-positive cells were NF150 immunoreactive, suggesting that both neuand motor neurons was observed in the absence of erbB2. ronal and nonneuronal (glial) cells might be lost through apoptosis.
Additionally, we determined the number of motor neuAbsence of Schwann Cells in the Peripheral Nerves ErbB2 is expressed in glial cells, but not sensory neurons present within the ventral horn of the spinal cord at E14.5 and E18.5 following in situ hybridization with a rons, during embryonic development (Jin et al., 1993 Figures 3A and 3B ). In addition, the absence of Schwann Figures 5G and 5H, arrowheads) , devoid of innervation at E18.5 ( Figure 7D ), which led to respiratory failure at birth. However, a distinct band of AChR clusters was confined to the central region of the diaphragm muscle ( Figure 7DЈ ), although individual AChR clusters were dispersed compared to controls. The shape of individual clusters was elongated in the control diaphragms (arrows in Figure 7E ), while the shape of most AChR clusters was round or ovoid in mutant diaphragms (arrowheads in Figure 7F ). Examination of the innervation of the diaphragm muscle at earlier stages (E12.5-E16.5) revealed that motor axons were scattered, defasciculated, and gradually degenerated (data not shown) as in the limbs shown in Figure 5 . -8D and 8AЈ-8DЈ) . Similar results were obtained with antibodies specific to ␤-dystroglycan, laminin, and heparan sulfate proteoglycan (data not shown). In addition, acetylcholine esterase (AChE) clusters were normal in the erbB2 mutant embryos ( Figures 8E and 8F , controls and mutants, respectively). Consistent with AChRs clustered in the central band of the diaphragm muscle, AChR␣ subunit transcripts were also concentrated in this region in both control and mutant diaphragms (data not shown). These results suggested that erbB2 is either not essential in AChR␣ gene activation or it is compensated for by other erbB receptors, such as erbB4, which is expressed in both mutant and control muscle (data not shown). These results demonstrated that in erbB2 mutant mice presyn- , 1993) . Because Schwann cell precursors were absent in the erbB2 within the DRG and in the peripheral nerve could be derived from the same NC precursor cell (Frank and mutants, these neurotrophic factors may also be absent, and this may lead to a loss of neurons through apoptosis. Sanes, 1991). However, it is not known whether after migrating out of the neural tube, NC cells differentiate Finally, erbB2 is expressed in some target tissues (i.e., skin and muscle) and may be required for the induction into two separate cell lineages that eventually give rise to Schwann cells within the DRG and those in the periphand/or release of neurotrophic factors from these targets. Thus, the absence of erbB2 in the target tissues eral nerves, respectively. Therefore, it may be that glial precursor cells within the DRG at E11-E12 give rise to may also contribute to the phenotype. Improper axonal projection in the final target fields Schwann cells in the periphery, and based on our data these precursors were unable to migrate out of the DRG shown in this study may be due to defasciculation of nerves in their final target fields ( 
